Background. Cognitive impairments occur frequently after stroke and contribute to significant disability. Strategy training shows promise but has not been examined in the acute phase of recovery. Objective. We conducted a single-blind randomized pilot study estimating the effect of strategy training, relative to reflective listening (attention control), for reducing disability and executive cognitive impairments. Methods. Thirty participants with acute stroke who were enrolled in inpatient rehabilitation and had cognitive impairments were randomized to receive strategy training (n = 15, 10 sessions as adjunct to usual inpatient rehabilitation) or reflective listening (n = 15, same dose). The Functional Independence Measure assessed disability at baseline, rehabilitation discharge, 3, and 6 months. The Color Word Interference Test of the Delis-Kaplan Executive Function System assessed selected executive cognitive impairments (inhibition, flexibility) at baseline, 3, and 6 months. Results. Changes in Functional Independence Measure scores for the 2 groups over 6 months showed significant effects of group (F 1,27 = 9.25, P = .005), time (F 3,74 = 96.00, P < .001), and group * time interactions (F 3,74 = 4.37, P < .007) after controlling for baseline differences in stroke severity (F 1,27 = 6.74, P = .015). Color Word Interference Inhibition scores showed significant effects of group (F 1,26 = 6.50, P = .017) and time (F 2,34 = 4.74, P = .015), but the group * time interaction was not significant (F 2,34 = 2.55, P = .093). Color Word Interference Cognitive Flexibility scores showed significant effects of group (F 1,26 = 23.41, P < .001), time (F 2,34 = 12.77, P < .001), and group * time interactions (F 2,34 = 7.83, P < .002). Interaction effects suggested greater improvements were associated with strategy training. Conclusions. Strategy training shows promise for addressing disability in the first 6 months after stroke. Lessons from this pilot study may inform future clinical trials.
Introduction
Meta-cognitive strategy training (hereafter referred to as strategy training) is an intervention designed to harness one's ability to observe, assess, and positively alter one's own behavior. 1 Strategy training teaches individuals to identify and prioritize problematic daily activities, identify barriers impeding performance, generate and evaluate strategies addressing these barriers, and generalize learning through practice. 1, 2 Thus, strategy training teaches skills that can be used to address disability in "real-life" activities, and it is therefore worth considering in rehabilitation.
The hallmark of strategy training is its delineation between the therapist's role and the participant's role in the rehabilitation process. Therapists assume a role of guided discovery, 3 systematically facilitating participants' learning through prompts and questions rather than directly instructing participants. In doing so, therapists guide participants, allowing participants to learn through their experiences. Through strategy training, participants learn to work through or work around specific problems in selected daily activities. In addition, participants learn how to apply the process to novel activities and situations, with the goal of promoting additional recovery of independence with daily activities long after rehabilitation is completed.
Strategy training has been examined in a variety of clinical populations (eg, attention deficit hyperactivity disorder, learning disability, major depressive disorder, acquired brain injury) as an intervention to address a variety of clinical outcomes (eg, independence, productivity, self-regulation). [4] [5] [6] [7] [8] [9] [10] Originally conceived as a method for self-monitoring, 11 strategy training has been examined as an intervention for teaching problem-solving skills. 12, 13 In fact, selected studies suggest that strategy training helps adults with acquired brain injury (ie, stroke, traumatic brain injury) reduce disability, 1, 2, 14, 15 and may even address some of the cognitive sequelae, particularly impairments in executive cognitive functions, associated with acquired brain injury. 16, 17 These studies have examined strategy training in clinical populations with stable behavioral and cognitive symptoms, including individuals with acquired brain injury in the chronic phase of recovery. However, there are compelling reasons to suspect that strategy training administered in the acute phase of recovery may have a robust effect on longterm outcomes. Experience-dependent synaptic changes that occur in the acute phase are likely to shape subsequent trajectories of recovery. 18, 19 These trajectories of recovery establish patterns of behavior, or habits, that are difficult to change. 20 This is important because even small to moderate improvements in behavior can substantially reduce caregiver burden and health care costs. 21, 22 Furthermore, rehabilitation programs that have the potential to shape biological and behavioral patterns of recovery are most accessible during the acute phase of recovery. Combined, these factors support early intervention.
We previously examined the rationale for and feasibility of strategy training in adults with acute cognitive impairments after acquired brain injury (specifically, adults with stroke). 1, 2, 23 The purpose of this pilot study was to obtain preliminary data estimating the effect of strategy training, relative to an attention control condition, in the acute phase of recovery after stroke. The primary aim was to estimate the effect of strategy training on activities of daily living outcomes. The secondary aim was to explore the effects of strategy training on selected measures of executive cognitive functions. Our intent was to use these pilot data, and our experiences, to inform the design of future larger scale clinical trials examining the efficacy of strategy training in acute rehabilitation.
Methods
We conducted a single-blind randomized Phase II pilot study examining strategy training among adults with cognitive impairments after acute stroke. We approached consecutive admissions to inpatient rehabilitation and obtained written informed consent from the individual, if cognitive status permitted, or from a proxy, consistent with approved institutional review board procedures.
We screened participants for the following criteria: (a) primary diagnosis of acute stroke; (b) impairment of cognitive functions (Quick Executive Interview ≥3); 24, 25 (c) absence of severe aphasia (Boston Diagnostic Aphasia Examination Severity Rating Scale ≤1); 26 (d) absence of dementia diagnosis (indicated in the medical record); (e) absence of current major depressive disorder, bipolar, or psychotic disorder (Primary Care Evaluation of Mental Disorders); 27 (f) absence of drug and alcohol abuse within 3 months (Mini-International Neuropsychiatric Interview); 28 and (g) anticipated length of stay greater than 5 days. Participants who provided consent and were eligible were randomized to intervention groups (strategy training, attention control) using a simple randomization scheme derived from a random number table (1:1 ratio).
Intervention
For both groups, 45-minute research intervention sessions were administered in addition to usual inpatient rehabilitation therapy daily 5 days per week for the duration of inpatient rehabilitation. Given the goal of conducting a randomized controlled trial in acute inpatient rehabilitation, the ethical imperative to not withhold usual rehabilitation services in lieu of an unproven intervention, and the need to control the administration of the experimental interventions to ensure rigor of the pilot study, we chose to augment rather than replace usual rehabilitation. Within each group, research intervention sessions were administered according to standardized procedures described elsewhere 1,2 by trained rehabilitation personnel who were masked to the opposing intervention protocol. Fidelity procedures for both intervention protocols were completed using a protocol described elsewhere. 2 Strategy training sessions addressed 4 steps (selfselected goals, self-evaluation, strategy development, and generalization) applied iteratively throughout the sessions via guided discussion and workbook materials. The first step focused on the identification and derivation of selfselected goals. Strategy training therapists used the Canadian Occupational Performance Measure to help participants identify activities that were important to them, and were difficult to perform since the stroke. 29 Participants prioritized these activities and picked 4 to 6 activities to address in the context of strategy training sessions. This step required in-depth interview and facilitation and usually required 1 to 2 sessions. Next, the participants selected one activity to start the process; they performed that activity, and they identified barriers to performance. Participants then learned a global strategy that they applied to the barriers to performance that they identified ("Goal-Plan-Do-Check"). In short, participants set a goal to address identified barriers (ie, set criterion for performance outcome), developed a plan to address the goal, completed the plan, and checked whether the plan worked or requires revising. These steps were repeated iteratively until the goal was met (and thus participants moved on to the next activity). At the completion of each session, the strategy training therapists prompted the participants to identify key principles that they learned during the session and to discuss ways to apply these key principles during the next session.
Attention control sessions were designed to control for the nonspecific effects of strategy training (ie, dose, attention). Attention control therapists utilized the first 1 to 2 sessions to help the participants identify and prioritize selfselected goals, using same procedure that was employed in the strategy training intervention. The remaining sessions focused on the use of journal entries in a workbook and discussions using scripted open-ended questions to stimulate participants' reflections on their rehabilitation goals, activities, and experiences. Should participants ask direct questions seeking guidance on addressing their rehabilitation goals, attention control therapists suggested that the participants discuss their questions with their rehabilitation team. All participants rated both the strategy training and attention control sessions with moderate to high satisfaction.
Measures
We collected demographic (age, gender, race) and medical information (stroke onset, type, hemisphere) from the medical record at study admission. We characterized stroke severity with the National Institutes of Health Stroke Scale 30 and comorbid medical burden severity with the Cumulative Illness Rating Scale. 31 Trained and reliable raters who were masked to study intent and design administered a standardized measure of activities of daily living and a battery of neuropsychological tests at baseline, 3 months, and 6 months later. The primary outcome measure, the Functional Independence Measure, was administered at study admission, inpatient rehabilitation discharge, 3 months after study admission, and 6 months after study admission. 32 We selected this measure because it is the industry standard for assessing activities of daily living outcomes in acute inpatient rehabilitation populations.
The secondary outcome measure, the Color Word Interference Test from the Delis-Kaplan Executive Functioning System, was used to assess selected executive cognitive functions. 33 Specifically, we examined the scaled scores from the inhibition subscale (Condition 3) and the cognitive flexibility (switching) subscale (Condition 4). We selected these subscales because they measure 2 domains of executive cognitive functions that are likely to be influenced by strategy training. Inhibition, or the process of ignoring irrelevant stimuli to complete a task, may be influenced through self-monitoring and self-evaluation processes inherent in strategy training. Cognitive flexibility, or the ability to hold more than one concept in mind, and switch between concepts, may be influenced through iterative application and revision of the global strategy. The Color Word Interference Test is valid and reliable and has demonstrated sufficient psychometric performance in adults with stroke. 33 For this study, we used the revised scoring procedures for the inhibition subscale. (Unpublished standardization data from the Delis-Kaplan Executive Function System. Copyright ©, 2013, 2001 NCS Pearson, Inc. Used with permission. All rights reserved.)
Data Analyses
Statistical analyses were conducted using SAS version 9.3 statistical software (SAS Institute, Inc, Cary, NC). All analyses were performed using the intent-to-treat principle so that comparisons were made according to the assigned intervention group regardless of study completion. We began by examining and testing relevant baseline characteristics to make sure there were no differences between groups prior to starting intervention and to identify possible covariates. We conducted repeated-measures mixed effects model analyses for the primary outcome (Functional Independence Measure) and the exploratory outcomes (inhibition, cognitive flexibility). Repeated-measures mixed model analyses allow for missing data without imputation. We examined group (strategy training, attention control) and time (baseline, discharge, 3, and 6 months) as main fixed effects, including the group * time interaction and significant baseline characteristics as covariates. We examined group variances and allowed the residual matrix to have different variances for each group when necessary. The optimal fit model was selected by comparing the Bayesian criterion between nested models. Post hoc analyses were completed using planned contrasts in the repeatedmeasures mixed models to interpret significant fixed effects. All available data were used in analyses for the first pass, and we also completed sensitivity analyses by repeating the mixed models analyses for participants with complete data. For the secondary outcomes examining inhibition and cognitive flexibility, the lowest score within the group was used if a participant was too cognitively impaired to engage in the task. For all statistically significant models, Cohen's d effect sizes were computed using model-derived change score estimates.
Results
Sixty participants enrolled in the study (Figure 1 ). Of these, 27 participants were excluded because they did not meet eligibility criteria, and 3 participants withdrew during the screening process prior to randomization. Thus, we randomized 30 participants to the intervention groups. The 2 groups did not differ at baseline with the exception of baseline stroke severity (t 28 = −2.99, P < .006, Table 1 ). The strategy training group had significantly worse neurological impairment at baseline than the attention control group, and thus baseline National Institutes of Health Stroke Scale scores were considered as a potential covariate in subsequent analyses.
All participants received and demonstrated at least an acceptable understanding of the intervention they received Changes in Functional Independence Measure scores for the 2 groups over the 6 months showed significant effects of group (F 1,27 = 9.25, P = .005), time (F 3,74 = 96.00, P < .001), and group * time interactions (F 3,74 = 4.37, P < .007) after controlling for baseline differences in stroke severity (F 1,27 = 6.74, P = .015; Figure 2 ). Post hoc analyses using modeled data suggest that strategy training was superior to attention control in reducing disability in activities of daily living over the 6-month time period (t 74 = 2.94, P = .004, d = 1.11; Table 2 ). While both groups improved more than 3 times the clinically meaningful 10-point change 34 at both 3 and 6 months from baseline, the strategy training participants showed 15 points greater change or 1.5 times greater than the meaningful change compared with attention control at 3 and at 6 months. Furthermore, groups differed by more than 24 points at 6 months (strategy training: M = 116. 31 
Randomization

Analysis
Follow-Up
Eligible Participants (n=30) day, 22 strategy training participants in this small sample required approximately 1 hour less caregiver assistance per day than attention control participants. Sensitivity analysis findings were similar to the original analyses, the main effect of group (F 1,21 = 6.15, P = .02), time (F 3,66 = 89.72, P < .01), and group * time interaction effect (F 3,66 = 4.50, P < .01) remained significant after controlling for baseline differences in stroke severity (F 1,21 = 4.33, P < .05). We experienced difficulties in administering neuropsychological assessments with this population, resulting in missing data on the Color Word Interference subscales. At baseline, we were unable to administer the subscales with 2 participants in the strategy training group (aphasia impeded in one case, and severe visual perceptual impairment impeded in the other case). Both of these issues resolved over time, and these participants completed 3 and 6 month follow-ups. Among the 26 participants still enrolled in the study at 3 months, 6 participants did not complete the subscales (3 in the strategy training group refused, and 3 in the attention control group were too medically ill). Among the 24 participants still enrolled in the study at 6 months, the same 6 participants did not complete the subscales for the same reasons. These 6 participants did not differ from the rest of the sample with respect to baseline Color Word Interference subscale scores (Inhibition, t 24 = 0.16; Cognitive Flexibility, t 24 = 0.39). Given the sample size we elected to run the analyses without imputing data.
Enrollment
Stroke severity was not a significant covariate of Color Word Interference subscale scores (Inhibition, F 1,25 = 0.95, P = .34; Cognitive Flexibility, F 1,25 = 0.05, P = .83). Thus, we removed it from both models and reran the analyses. For inhibition, the model showed significant effects of group (F 1,26 = 6.50, P = .017), and time (F 2,34 = 4.74, P = .015), but the group * time interaction was not significant (F 2,34 = 2.55, P = .093; Figure 3 ). For cognitive flexibility, the model showed significant effects of group (F 1,26 = 23.41, P < .001), and time (F 2,34 = 12.77, P < .001), and group * time interactions (F 2,34 = 7.83, P < .002; Figure 4 ). Post hoc analyses of modeled data suggest that strategy training was superior to attention control for improving inhibition (t 34 = 1.92, P = .06, d = 0.76; Table 2 ) and cognitive flexibility (t 34 = 3.12, P = .004, d = 1.23; Table 2 ), although the differences improvements in inhibition were not statistically significant. Nonetheless, given that these are scaled scores that have a population mean of 10, and standard deviation of 3, change greater than 3 points could be considered clinically meaningful.
Discussion
This early phase trial is a critical step toward future trials examining the efficacy of targeted interventions designed to address disability among adults with cognitive impairments in the acute phase of recovery. Stinear and colleagues reported in a recent systematic review that while stroke rehabilitation begins early in the acute phase of recovery, stroke rehabilitation research does not. 35 The most obvious reasons for this discrepancy are the challenges in responsibly delivering standardized interventions and accurately assessing outcomes that can be attributed to these interventions in this setting. Nonetheless, there are scientific and practical considerations that emerge when attempting to translate evidence developed in the chronic phase of recovery to practice in the acute phase of recovery. Furthermore, Stinear and colleagues argue that while the study of interventions in the chronic phase allows us to parse out the effects of an intervention without the confounding of spontaneous recovery, the study of interventions in the acute phase may allow us to harness the synergistic benefit of potent interventions and spontaneous recovery in this critical period of recovery. These points argue for concerted efforts in the rigorous design and implementation of trials in the acute phase. The present study addresses these efforts in several ways. The primary aim of this early phase trial was to obtain preliminary data to estimate the effect of strategy training among individuals with stroke-related cognitive impairments engaged in acute inpatient rehabilitation. This estimate may be used to inform the design of the next phase of studies. In this small sample, strategy training resulted in greater improvements in independence with activities of daily living than attention control (large effect size). Of note, we observed an increasing magnitude of difference between groups in activities of daily living scores over time. Although these findings are consistent with studies examining strategy training among individuals with chronic cognitive impairments after stroke and traumatic brain injury, [12] [13] [14] [15] the authors urge caution in generalizing these findings. Others have commented that small pilot studies, while an important first step in the design of rigorous clinical trials, tend to yield inflated effect sizes. 36, 37 In addition, there may be many other factors contributing to these findings, including differences in social support, postacute care, or other factors that require closer examination in a larger study. Thus, these findings suggest that strategy training shows promise, but requires confirmatory testing in larger, more rigorous studies. The secondary aim of this pilot study was to explore the effects of strategy training on selected indices of executive cognitive functions. This exploration was necessary to gather preliminary data on theorized mechanisms underlying strategy training. In this sample, strategy training was associated with greater improvements in cognitive flexibility (large effect size). Cognitive flexibility has been defined as the ability to alter behavior in response to changes in circumstances and is considered one of the executive cognitive function domains that guide goal-directed behavior. 38 Strategy training, as implemented in this study, focused on identifying and prioritizing problems with everyday activities, as well as identifying, trialing, and evaluating solutions to these problems. One may suppose that strategy training supports improvements in cognitive flexibility through multiple reiteration of these steps. Once participants identify a solution to a problem, and determine whether it requires modification or replacement with another solution, they may increase their ability to think more flexibly about the problems they encountered in everyday life. Indeed, some forms of strategy training improve selected cognitive functions through training of meta-cognitive awareness. 15, 16 However, the potential effects of strategy training approaches on cognitive functions, and the mechanisms through which these effects may emerge remain important areas of study, particularly as we seek to identify key principles to augment rehabilitation for individuals with cognitive impairments after acquired brain injury.
The findings from this early phase clinical trial are not definitive. First, the small size of the sample does not rule out potential factors that may have influenced study outcomes (ie, differences in baseline characteristics, differences in inpatient rehabilitation and postacute care among participants). There was a statistically significant difference between groups in baseline stroke severity (the difference favored the attention control group). Although not statistically significant, the attention control group was older than the strategy training group, with the difference potentially favoring the strategy training group.
Second, 20% of participants were missing 6 month data for the primary outcome due to refusal of assessments (n = 1), withdrawal (n = 2), and loss to follow-up (n = 3). While sensitivity analyses of the primary outcome, the Functional Independence Measure, indicates a limited effect of this attrition, replication in a larger sample is warranted. Of greater concern are the challenges that we encountered when attempting to administer the subscales of the Color Word Interference Test. Aphasia, visual perceptual impairment, and fatigue are all common problems after acute stroke, and all influenced the administration of this assessment at various time points. Thus, we urge caution when interpreting the executive cognitive assessment findings from this pilot study.
Nonetheless, we learned many valuable lessons about the opportunities and challenges of conducting trials in the acute phase of rehabilitation that may be used to inform larger, well-controlled trials. First, while randomization in larger samples may account for nonspecific individual differences that influence intervention outcomes, stratification on selected variables, such as stroke severity and communication status, may be warranted. Second, careful characterization of the content and duration of inpatient and postacute rehabilitation sessions may be useful for separating out the effects of the usual care from those of the experimental intervention. Third, improved staff training and the use of mid-interval calls to participants may reduce attrition after participants leave inpatient rehabilitation. Finally, exploration of simpler, less time intensive methods of assessing executive cognitive functions may be warranted for this population. The primary challenge that we encountered with the neuropsychological assessments was the amount of time and energy these assessments required, and subsequent participant refusal. Based on our experiences, we recommend administering neuropsychological assessments in a separate test session at baseline and at follow-up, if necessary. We also recommend improved methods for assessing executive cognitive functions for individuals with mild to moderate aphasia and individuals with visual perceptual impairments. These lessons may be used to inform the design of future, wellcontrolled trials examining the efficacy of interventions such as strategy training.
Conclusion
Strategy training shows promise for addressing disability and executive cognitive impairments within the first 6 months of stroke. Valuable lessons learned in the conduct of this early phase clinical trial may be useful in the design of future confirmatory trials.
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